electron-rich indole-type dienophiles afford -besides different types of side products -tetracyclic compounds with a pyridocarbazole skeleton, structurally related to the alkaloid ellipticine or its isomer, isoellipticine.
Based on these findings, we now investigated the cycloaddition behavior of the pyrido [3,4-d] pyridazine
(1) towards bicyclic dienophiles in order to build up the corresponding tetracyclic skeleton. For this purpose, a hexahydroindole-derived ketene N,S-acetal with an appropriate N-protecting group [i.e. 3a, 4,5,6,7,7a -hexahydro-1-(4-methoxybenzyl)-2-methylthioindole; see Scheme 2] was considered a promising reagent. This dienophile had already been successfully used by Neunhoeffer et al. for the synthesis of lavendamycin analogs via an inverse-electron-demand Diels-Alder pathway. 10 In this approach, the cyclohexane ring had been aromatized after the cycloaddition step, using 2,3-dichloro-5,6-dicyano-pbenzoquinone (DDQ) as oxidant.
When the azadiene (1) was treated with the ketene N,S-acetal [which was freshly prepared from 3a, 4,5,6,7,7a -hexahydro-1-(4-methoxybenzyl)-2-methylthio-3H-indol-1-ium iodide 10b ] in refluxing 1,4-dioxane, a complex reaction mixture was obtained from which three components could be isolated by medium-pressure liquid chromatography. 11 The first two fractions contained the expected isomeric pyridocarbazoles (2a) and (2b) in low yields of about 7% each. 12 The third fraction afforded a 20% yield of another tetracyclic compound which, surprisingly, was found to lack one of the two trifluoromethyl groups which were present in the starting material. So far, no acceptable mechanism can be proposed for this loss of a CF 3 moiety in compound (3) As a consequence of the low yields for the transformation 1 → 2a/2b, we attempted an alternative approach to the tetracyclic target structures, consisting of a [4+2] cycloaddition reaction of the azadiene
(1) with indole or N-methylindole, respectively, as the dienophile. The suitability of indole and some indole derivatives as electron-rich dienophiles in inverse-electron-demand Diels-Alder reactions has already been demonstrated by several research groups. 13 With such a reagent, ring A of the resulting tetracycle would not require any subsequent dehydrogenation step, contrary to the case of the ketene N,Sacetal described above. On the other hand, the lack of an appropriate leaving group at the indole C-2 atom would lead -after cycloaddition and N 2 expulsion -to a product with a dihydropyridocarbazole structure which, in turn, had to be oxidized to the fully aromatic system.
Heating of the triazanaphthalene (1) in N-methylindole at 140°C afforded a mixture which was separated by column chromatography. Compound (4), isolated in 8% yield, obviously results from nucleophilic attack of the electron-rich indole C-3 atom at the pyridazine ring. The formation of similar side products in reactions of azadienes with indole derivatives has been reported previously. 13c,e In the case of compound (5) which was obtained in 22% yield, a cycloaddition reaction must have taken place, followed by ring opening of the five-membered substructure, thus leading to the trisubstituted isoquinoline displayed in Scheme 3. The structure of 5 as well as that of the addition product (4) could be firmly established by means of X-ray crystallography (see below for a discussion of the crystallographic findings). A mechanism for the formation of compound (5) from the initial cycloaddition product (6a), analogous to the pathway suggested for the cleavage of structurally related dihydropyridazino [4,5 b The main fraction (yield: 37%) isolated from the cycloaddition reaction mixture was found to consist of the two isomeric dihydropyridocarbazoles (6a) and (6b) in a ratio of about 1:1. Owing to the very similar chromatographic behavior of the two components, any separation attempts failed so far. On the other hand, compounds (6a,b) could be dehydrogenated by refluxing in decaline in the presence of air oxygen and palladium on carbon as catalyst (Scheme 5). The resulting mixture of fully aromatic tetracycles (7a) and (7b), which represent hexafluoro derivatives of N-methylellipticine and N-methylisoellipticine, again proved to be inseparable by crystallization as well as preparative liquid chromatography, whereas glc-ms analysis of the product mixture expectedly showed two chromatographic peaks with an almost identical ms fragmentation pattern (see Experimental). When the pyrido [3,4-d] pyridazine (1) was heated to 140°C with 1.5 equivalents of indole in the absence of a solvent, the resulting mixture contained -besides substantial amounts of decomposition productstwo isomerically pure reaction products in low yields which were isolated by column chromatography.
For the compound eluted first, the structure of a 1,2-dihydro-1-(indol-3-yl)-1,4-bis(trifluoromethyl)-pyrido [3,4-d] pyridazine (8) is proposed. 14 Obviously, this dihydropyridopyridazine [like compound (4),
see above] results from nucleophilic attack of the indole C-3 atom at the pyridazine ring of the starting material. The second fraction afforded a compound C 17 H 10 N 2 F 6 for which, according to its elemental composition and spectral data, one of two possible isomeric structures of a dihydropyridocarbazole has to be formulated. 15 This compound (9) could be conveniently dehydrogenated, again using palladium on carbon in refluxing decaline, to afford the fully aromatic tetracyclic compound (10) in 52% yield (Scheme 6). The structure of a 5,11-bis(trifluoromethyl)-10H-pyrido [3,4-b] carbazole for 10 was unambiguously established by X-ray crystallography (see below) and is also in full agreement with microanalytical and spectroscopic data (nmr, ms, ir); the hexafluoro compound (10) 
X-Ray Crystal Structure Determinations
Views of the molecular structures of compounds (4), (5), and (10) are shown in Figure 1 , atomic parameters are given in Tables 1, 2 , and 3. The structure of 4 contains a flat N-methylindole moiety with normal bond lengths and angles. In the dihydropyrido [3,4-d] pyridazine moiety, the pyridine ring is also flat while the dihydropyridazine ring adopts a conformation similar to a half-chair. The apex of this halfchair is formed by the sp 3 -type carbon atom C (6) (2) 0.39190 (7) (5) 0.39492(7) 0.1432(2) 0.4283(1) 0.0309(6) C (6) 0.40094(7) 0.3321(2) 0.4088(1) 0.0316(6) N (7) 0.39972(6) 0.4286(2) 0.4837(1) 0.0391(5) N (8) 0.41724(6) 0.3736 (2) 0.55604 (9) 0.0364(6) C (9) 0.42429 (7) 0.2120(2) 0.5671(1) 0.0325(6) C (10) 0.41026 (7) 0.0852(2) 0.5053(1) 0.0310(6) C (11) 0.35923 (7) 0.4012(2) 0.3507(1) 0.0305(6) C (12) 0.30822 (7) 0.4463(2) 0.3713(1) 0.0333(6) C (13) 0.28159 (8) (14) 0.23261(9) 0.5020(4) 0.4394 (2) 0.064(1) C (15) 0.20932(9) 0.5760(4) 0.3699 (2) 0.068(1) C (16) 0.23373(9) 0.5848(3) 0.3011 (2) 0.0580(9) C (17) 0.28314 (8) 0.5173(3) 0.3019 (1) 0.0392 (6) N(18) 0.31622 (7) 0.5126 (2) 0.2420 (1) 0.0446(6) C (19) 0.36146 (8) 0.4425(2) 0.2720 (1) 0.0387 (6) C(20) 0.3043(1) 0.5676 (4) 0.1598(1) 0.074(1) C (21) 0.45401 (8) (8) F(22) 0.49125(4) 0.3055 (2) 0.42969 (9) 0.0693 (6) F(23) 0.46287 (5) 0.5223(2) 0.36202 (9) 0.0734 (6) F(24) 0.45936 (5) 0.2717(2) 0.30921 (9) 0.0731(6) C (25) 0.44317 (8) 0.1627(3) 0.6502(1) 0.0468 (8) F(26) 0.45053 (5) 0.2932(2) 0.69907 (7) 0.0646 (5) F(27) 0.48709(6) 0.0783 (2) 0.65129 (9) 0.0850 (6) (6) 0.4111 (2) 0.4059 (2) 0.3970(4) 0.049(1) C (7) 0.4596 (2) 0.4508 (2) 0.3243 (3) 0.044(1) C (8) 0.4555 (2) 0.5195 (2) 0.2433 (4) 0.046(1) C (9) 0.4019 (2) 0.5701 (2) 0.2169 (4) 0.060(1) C (10) 0.4178 (2) 0.6306 (2) 0.1332(4) 0.072(2) C (11) 0.4855 (2) 0.6423 (2) 0.0740 (4) 0.070(1) C (12) 0.5399 (2) 0.5946 (2) 0.0993 (4) 0.062(1) C (13) 0.5239 (2) 0.5339 (2) 0.1864 (4) 0.049(1) N (14) 0.5697(1) 0.4795(1) 0.2291 (3) 0.051(1) C (15) 0.5332 (2) 0.4288 (2) 0.3134 (4) 0.044(1) C (16) 0.5568 (2) 0.3652 (2) 0.3769 (4) 0.047(1) C (17) 0.5074 (2) 0.3225 (2) 0.4614 (4) 0.046(1) C (18) 0.3333 (2) 0.4259 (3) 0.3921 (6) 0.081(2) C (22) 0.6315 (2) 0.3399 (2) 0.3553 (5) 0.065(1) F(19) + 0.2873 (2) 0.3812 (3) 0.4451 (7) 0.139(3) F (20) Reaction of 1,4-Bis(trifluoromethyl)pyrido [3,4-d] pyridazine (1) with 3a, 4, 5, 6, 7, 
To a solution of 3a, 4,5,6,7,7a-hexahydro-1-(4- 
(500 mg, 1.2 mmol) in dry ether (5 ml) was added potassium tert-butoxide (168 mg, 1.5 mmol), and the mixture was refluxed for 3 h under an argon atmosphere. The precipitate (potassium iodide) was filtered off and the volatile components were removed under reduced pressure. The residue was dissolved in dry 1,4-dioxane (6 ml). After addition of 1,4-bis(trifluoromethyl)pyrido [3,4-d] 6,7,8,9,9a-hexahydro-10-(4-methoxybenzyl)-5,11-bis(trifluoromethyl)-10H-pyrido[3,4-b] carbazole (2b) or 6a, 7,8,9,10,10a-hexahydro-6-(4- 7,8,9,10,10a-hexahydro-6-(4-methoxybenzyl)-11-trifluoromethyl-6H-pyrido[4,3-b] carbazole (3) Reaction of 1,4-Bis(trifluoromethyl)pyrido [3,4-d] pyridazine (1) with N-Methylindole A solution of 1 (534 mg, 2 mmol) in N-methylindole (2.5 ml, 19.5 mmol) was heated to 140°C for 3 h.
Volatile components were removed by Kugelrohr distillation and the residue was subjected to column chromatography (light petroleum/ethyl acetate, 17:3 → 1:1). Evaporation of the first fraction gave 163 mg (22%) of 7-(2-methylaminophenyl) -5,8-bis(trifluoromethyl) isoquinoline (5) 
